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Cross -Reference To Related Application 
The present application claims priority under 35 U.S.C. § 119 to Japanese 
5 Patent Application No. JP 2002-126768. Hie contents of these applications are 
incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates to motion control method of vehicle and 
10 motion control apparatus of vehicle. 

BACKGROUND ART 

As a vehiclemotion control apparatus including a transmission ratio changing 
mechanism for changing the transmission ratio by driving a motor , provided halfway 

15 of a steering transmission system which connects a steering wheel to steered wheels , 
a vehicle motion control apparatus 100 which cxxnprises a steering wheel 21, a 
first steering shaft 22, a second steering shaft 23, an EPS actuator 24, rods 
25, a steering angle sensor 26, a vehicle velocity sensor 27, a torque sensor 
28, an EPS_ECU 30, a gear ratio ciianging mechanism 32, a VGRS_ECU 40 and the like, 

20 as shown in Fig. 1, is available. In the meantime, such "a transmission ratio 
changing mechanism for changing a transmission ratio by driving an electric motor, 
located halfway of a steering transmission system which connects the steering 
wheel to the steered wheels " is sometimes called variable gearratio system ( referred 
to as VGRS, hereinafter) depending on a case. 

25 That is, an end of the first steering shaft 22 is connected to the steering 

wheel 21 and an input side of the gear ratio changing mechanism 32 is connected 
to the other end side of this first steering shaft 22 . This gear ratio changing 
mechanism 32 comprises a motor, a reduction gear and the like. An end side of 
the second steering shaft 23 is connected to this output side of the gear ratio 

30 changing mechanism and an input side of the EPS actuator 24 is connected to the 
other end side of the second steering shaft 23 . The EPS actuator 24 is an electric 
type powered steering system , which is capable of converting a rotary mot ion inputted 
by the second steering shaft 23 through a rack and pinion gear (not shown) and 
the like to a motion in the axial direction of the rods 25 and outputting it. 

35 Further, this EPS actuator 24 generates an assist force depending on a steering 
condition by means of an assist motor which is controlled by the EPS__ECU 30 so 
as to assist steering by a driver. A rotation angle (steering angle) of the first 
steering shaft 22 is detected by a steering angle sensor 26 and inputted to the 
VGRSLECU 40 as a steering angle signal. A steering torque by the second steering 

40 shaft 23 is detected by a torque sensor 28 and inputted to the EPS control process 
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30a as a torque signal . Further, a vehicle velocity is detected by a vehicle velocity 
sensor 27 and inputted to the EPS__ECU 30 and VGRS_ECU 40 as a vehicle velocity 
signal. Further, steered wheels (not shown) are attached to rods 25. 

With such a structure, ratio between input gear and output gear is changed 

. 5 depending on vehicle velocity at real time by means of a motor and reduction gear 
in the gear ratio changing mechanism 32 and VGRSLECU 40 so as to change a ratio 
of output angle of the second steering shaft 23 relative to the steering angle 
of the first steering shaft 22. The EPS actuator 24 and the EPS_ECU 30 generate 
an assist force for assisting steering of the vehicle driver by means of an assist 

1 0 motor depending on vehicle driver ' s steering condition and vehicle velocity detected 
by means of the torque sensor 28 and the vehicle velocity sensor 27. 

Consequently, the steering gear ratio corresponding to the vehicle velocity 
can be set. For example, an output angle by the gear ratio changing mechanism 
32 can be set to be increased with respect to the steering angle of the steering 

15 wheel at the time of vehicle stopping or traveling at a low velocity. Further, 
the output angle of the gear ratio changing mechanism 32 can be set to be decreased 
with respect to the steering angle of the steering wheel at the time of traveling 
at a high velocity. Meanwhile, an appropriate assist force corresponding to the 
vehicle velocity can be generated by means of an assist motor. 

20 For example, if a vehicle is stopping or traveling at a low velocity, the 

steering gear ratio by the gear ratio changing mechanism 32 is set low and an 
assist force is intensified by an assist motor, so that the steered wheels can 
be steered largely even with a light steering operation. This facilitates the 
steering operation of a vehicle driver . On the other hand, if the vehicle is traveling 

25 at a high velocity, the assist force by the assist motor drops and the steering 
ratioby the gear ratio changingmechanism 32 is sethi^i. Consequently, the steering 
operation becomes heavy and even if the steering wheel is turned largely, it comes 
that the steered wheels are steered a little. Consequently, it can be expected 
that vehicle control stability is further improved. 

30 However, in a vehicle motion control apparatus mentioned above, a torque 

sensor 28 detecting a steering torque detects a torque generated by a second steering 
shaft 23 corresponding to an output shaft of a gear ratio variable mechanism 32 . 
In other words , the gear ratio variable mechanism 3 2 is interposed between a steering 
wheel 21 and the torque sensor 28. Therefore, a steering wheel torque generated 

35 by the steering wheel 21 does not necessarily coincide with a torque detected 
by the torque sensor 28 . In the case that the torque detected by the torque sensor 
28 is used as a steering torque for controlling an EPS actuator 24, there is a 
problem that a delicate uncomfortable feeling can be applied to a steering feeling 
on the basis of a slight mismatch which may be generated between the driver's 

40 steering feeling and an actual steering. 
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The problem mentioned above can be solved by arranging a torque sensor 
in a first steering shaft 22 corresponding to an input shaft of the gear ratio 
variablemechanism 32 and using a torque signal from the torque sensor for controlling 
the EPS actuator 24. However, since it is necessary to arrange the torque sensor 
5 independently from the torque sensor 28 of the second steering shaft 23, there 
is generated a new problem that an increase in a number of the parts and an increase 
in a manufacturing cost are caused. 

The present invention is made for the purpose of solving the problems 
mentioned above, and an object of the present invention is to provide a motion 
10 control method of a vehicle and a motion control apparatus of a vehicle which 
can i m p r o v e a motion controllability of the vehicle without increasing a number 
of parts. 

DISCLOSURE OF THE INVENTION 

15 In order to achieve the above objects , according to claim 1 , amotion control 

method of a vehicle provided with a transfer ratio variable mechanism for changing 
a transfer ratio by driving a motor, and an assist motor assisting a steering 
force on the basis of a steering torque, in the middle of a steering transfer 
system connecting a steering wheel and steered wheels , wherein a steering wheel 

2 0 torque generated in accordance with an operation of said steering wheel is determined 
by using a steering torque generated by an output shaft of said transfer ratio 
variable mechanism, a motor torque generated by a motor of said transfer ratio 
variable mechanism and a rotation angle of said motor, on the basis of a dynamic 
equation expressing a torque transfer by said transfer ratio variable mechanism, 

2 5 and said assist motor is controlled by setting the determined steering wheel torque 
to said steering torque. 

Further, according to claim 3, a motion control apparatus of a vehicle 
provided with a transfer ratio variable mechanism for changing a transfer ratio 
by driving a motor, and an assist motor assisting a steering force on the basis 

30 of a steering torque, in the middle of a steering transfer system connecting a 
steering wheel and steered wheels , wherein the motion control apparatus is provided 
with a steering wheel torque calculating means for determining a steering wheel 
torque generated in accordance with an operation of said steering wheel by using 
a steering torque generated by an output shaft of said transfer ratio variable 

35 mechanism, a motor torque generated by a motor of said transfer ratio variable 
mechanism and a rotation angle of said motor, on the basis of a dynamic equation 
expressing a torque transfer by said transfer ratio variable mechanism, and said 
assist motor is controlledby setting the determineds teeringwheel torque determined 
by said steering wheel torque calculating means to said steering torque. 

40 In accordance with a first aspect and a third aspect of the present invention , 
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a steering wheel torque generated in accordance with an operation of a steering 
wheel is deteimined by using a steering torque generated by an output shaft of 
a transfer ratio variable mechanism, a motor torque generated by a motor of the 
transfer ratio variable mechanism and a rotation angle of the motor, on the basis 
5 of a dynamic equation expressing a torque transfer by the transfer ratio variable 
mechanism, and the assist motor is controlled by setting the determined steering 
wheel torque to the steering torque. 

For example, in the case that the dynamic equation is constituted by the 
following formula ( 1 ) , a steering wheel torque Hi can be determined by using a 

10 steering torque Tp generated in the output shaft of the transfer ratio variable 
mechanism, a motor torque Tvm generated by a motor of the transfer ratio variable 
mechanism and a rotation angle 0vm of the motor. Accordingly, the steering wheel 
torque can be known without adding any new torque sensor or the like. Therefore, 
the steering wheel torque Th can be deteimined in accordance with an arithmetic 

15 processing by means of a control computer, by detecting the steering torque Tp 
generated in the output shaft of the transfer ratio variable mechanism by means 
of an existing torque sensor, and detecting the motor torque Tvm and the motor 
rotation angle 0vm by means of existing rotation angle sensor and current sensor 
which are used for controlling the motor. Accordingly, it is possible to improve 

20 a motion controllability of the vehicle without increasing the number of the parts . 
Th - Tp + Tvm = Jvm x d2 0vm/dt2 + Rvm x sign(d0vm/dt) "(l) 
In the above formula, Th is a steering wheel torque (N • m) , Tp is a steering 
torque (N • m) generated in the output shaft of the transfer ratio variable mechanism , 
Tvm is a motor torque (N • m) generated by the motor of the transfer ratio variable 

25 mechanism, Jvm is a motor inertia (kg • m2) of the transfer ratio variable mechanism , 
0vm is a motor rotation angle (rad) of the transfer ratio variable mechanism, 
and Rvm is a Coulomb friction resistance (N • m/rad) of the transfer ratio va r iable 
mechanism, respectively. Further, "d/dt" of d2 #vm/dt2 and d#vm/dt in the formula 
( 1 ) expresses a differential operation by time t , and sign ( ) expresses an operation 

30 determining code in parentheses. In this case, in the first aspect and the third 
aspect, Jvm and Rvm in the formula (1) are defined as constant numbers. 

Further, according to claim 2, a motion control method of a vehicle as 
claimed in claim 1, wherein said steering wheel torque is determined by losing 
at least one term of an inertia term by said transfer ratio variable mechanism 

35 and a Coulomb friction term by said transfer ratio variable mechanism, in 
configuration terms of the dynamic equation expressing the torque transfer by 
said transfer ratio variable mechanism. 

Further, according to claim 4, a motion control apparatus of a vehicle 
as claimed in claim 3, wherein said steering wheel torque calculating means 

40 determines said steering wheel torque by using at least one term of an inertia 
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term of said transfer ratio variable mechanism and a Coulomb friction term of 
said transfer ratio variable mechanism, in configuration terms of the dynamic 
equation expressing the torque transfer by said transfer ratio variable mechanism . 

In accordance with a second aspect and a fourth aspect of the present invention, 
5 the steering wheel torque is determined by using at least one term of an inertia 
term of the transfer ratio variable mechanism and a Coulomb friction term of the 
transfer ratio variable mechanism, in configuration terms of the dynamic equation 
expressing the torque transfer by the transfer ratio variablemechanism . For example , 
in the case that the dynamic equation is constituted by the formula (1) mentioned 

10 above, the steering wheel torque is determined by using at least one term of the 
inertia term (a term of Jvm) of the transfer ratio variable mechanism constituting 
a right side first term of the formula (1) and the Coulomb friction term (a term 
of Rvm) of the transfer ratio variable mechanism constituting a right side second 
term of the formula (1) . Accordingly, in the first aspect and the third aspect, 

1 5 the steering wheel torque is determined by employing a measured value or a design 
value for at least one term of the Jvm and Rvm set to the constant numbers . Therefore, 
it is possible to improve an accuracy of operation of the arithmetic processing 
of determining the steering wheel torque Th . Accordingly , it is possible to further 
impr o ve the motion controllability of the vehicle without increasing the number 

20 of the parts. 

BRIEF DESCRIPTION OF TOE DRAWINGS 

Fig. 1 is a schematic view showing a sunmary of a structure of a vehicle 
motion control apparatus ; 
25 Fig. 2 is a function block dia g r a m expressing a vehicle motion control 

process in accordance with EPS_ECU and VGRS_ECU of a vehicle motion control apparatus 
of the present embodiment; 

Fig. 3 is a flow chart showing a flow of a steering wheel torque computing 
process in accordance with EPS__ECU of the vehicle motion control apparatus of 
30 the present embodiment. 



BEST MDDE FOR CARRYING OUT TOE INVENTION 

Hereinafter, the embodiment of the vehicle motion control apparatus which 

35 the vehicle motion control method and vehicle motion control apparatus of the 
present invention will be described with reference to the accompanying drawings . 
Meanwhile, because the vehicle motion control apparatus 20 of this embodiment 
is not different from the vehicle motion control apparatus 100 in terms of mechanical 
structure, the vehicle motion control apparatus 20 (100) shown in Fig. 1 will 

40 be described. 
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As shown in Fig. 1 , a vehicle motion control apparatus 20 comprises a steering 
wheel 21, a first steering shaft 22, a second steering shaft 23, an EPS actuator 
24, rods 25, a steering angle sensor 26, a vehicle velocity sensor 27, a torque 
sensor 28, an EPSJECU 30, a gear ratio changing mechanism 32, a VGRS JECU 40 and 
5 the like. Since mechanical and electrical connections of a vehicle motion control 
apparatus have been already described, description thereof is omitted here and 
the characters relating to the present invention are mainly described based on 
Fig. 2. Fig. 2 shows a functional block diagr am showing vehicle motion control 
processing by means of the EPS_ECU 30 and VGRS_ECU 40 of the vehicle motion control 

10 apparatus 20 of this embodiment. 

As shown in Fig. 2, in the vehicle motion control apparatus 20 of this 
embodiment, two processings, that is, an EPS control process 30a by the EPS _ECU 
30 and VGRS control process 40a by the VGRS_ECU 40 are carried out by an electronic 
control unit (ECU) . That is, the vehicle motion control apparatus 20 has a function 

1 5 for controlling the steering gear ratio by means of the gear ratio changing meciianism 
32 according to VGRS control process 40a with the VGRS_ECU 40, depending on the 
vehicle velocity. Further, it has a function of assisting steering by the vehicle 
driver by generating an assist force depending on steering condition by means 
of the EPS control process 30a with the EPS _ECU 30. 

20 Accordingly, in a VGRS control process 40a, a steering angle signal 6 

h generated by a steering angle sensor 26 and a vehicle velocity signal V generated 
by a vehicle velocity sensor 27 are input to a VGRS_EOJ 40 , whereby there is executed 
a process of determining a rotation angle of a motor 32m in a gear ratio variable 
mechanism 32 uniquely defined in correspondence to a vehicle velocity on the basis 

25 of a motor rotation angle map (not shown) , and a motor voltage in correspondence 
toadetermined rotation angle ccrrmand value is supplied to the motor 32m in accordance 
with a motor drive circuit. Therefore, in the gear ratio variable mechanism 32 
and the VGRS_ECU 40 , a ratio of an output gear with respect to an input gear is 
changed in real time in correspondence to a vehicle velocity by the motor 32m 

30 and a reduction gear 32g, and a ratio Gv of an output angle of a second steering 
shaft 23 is changed with respect to a steering angle of a first steering shaft 
22. 

Further , in an EPS control process 30a , a steering torque signal Tp generated 
by a torque sensor 28 and the vehicle velocity signal V generated by the vehicle 

3 5 velocity sensor 27 are input to an EPS_ECU 30 , whereby there is executed a process 
of determining a current command value of an assist motor 24m in an EPS actuator 
24 uniquely defined in correspondence to the vehicle velocity on the basis of 
a motor current map (not shown) , and a motor voltage in correspondence to a determined 
current conmand value is supplied to the motor 32m in accordance with a motor 

40 drive circuit . Therefore, in the EPS actuator 24 and the EPS_ECU 30 , by EPS control 
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process 30a, an assist force for assisting the steering operation of the driver 
is generated by the assist motor 24m, in correspondence to a steering state of 
the driver and a vehicle velocity which are detected by the torque sensor 28 and 
the vehicle velocity sensor 27. 
5 Respective function sunmaries of each of an EPS control process 30a by 

the EPS_ECU 30 and a VGRS control process 40a by the VGRS_EOJ 40 are basically 
the same as the vehiclemotion control pixK^ss by the vehiclemotion control apparatus 
100 mentioned above . However , the vehicle motion control apparatus 20 of the present 
embodiment is different from the conventional vehicle motion control apparatus 
10 100 in a point that a steering torque Tp detected by the torque sensor 28 is input 
to the EPS control process 30a via a steering wheel torque arithmetic process 
30b in place of being directly input to the EPS control process 30a computed by 
the EPS_ECU 30. 

In other words, as shown in Fig. 1, since the vehicle motion control apparatus 
15 20 is structured such that a gear ratio variable mechanism 32 is interposed between 
the steering wheel 21 and the torque sensor 28 , the steering wheel torque Th generated 
by the steering wheel 21 does not necessarily coincide with the torque detected 
by the torque sensor 28 . Accordingly, as described in BACKGROUND OF THE INVENTION, 
in the case that the torque detected by the torque sensor 28 is used as the steering 
20 torque Tp for controlling the EPS actuator 24 , there is the problem that the delicate 
uncomf ortable feeling can be applied to the steering feeling on the basis of the 
slight mismatch which may be generated between the driver's steering feeling and 
the actual steering. 

Therefore, the inventors of the present application expresses a torque 
2 5 transfer by the gear ratio variable mechanism 32 by a dynamic expression as shown 
by the following formula (2), thereby calculating the steering torque Th in 
accordance with the arithmetic processing by the EPS_ECU 30 on the basis of the 
dynamic equation (2) and using the calculated steering wheel torque Th for 
controlling the EPS actuator 24 . A motor torque Tvm by the motor 32m of the gear 
30 ratio variable mechanism 32 is calculated by the following formula (3). 

(Th - Tp)/Gv + Tvm = Jvm x d2 0vm/dt2 + Rvm x sign( d # vm/dt ) • *( 2 ) 
Tvm = Kvt x Jvm* "(3) 

In the above formulas, Th is a steering wheel torque (N • m) , Tp is a steering 
torque (N • m) generated in the second steering shaft 23 corresponding to the output 

35 shaft of the gear ratio transfer mechanism 32 , Gv is a gear ratio (no-unit number) 
of the gear ratio variable mechanism 32, Tvm is a motor torque (N *m) generated 
by the motor 32m, Jvm is a motor inertia (kg *m2) of the gear ratio variable mechanism 
32 , 0vm is a motor rotation angle (rad) of the motor 32m, Rvm is a Coulomb friction 
resistance (N • m/rad/sec) of the gear ratio variable mechanism 32 , Kvt is a motor 

40 torque constant (N # m/A) of the motor 32m, and Jvm is a motor current (A) of the 
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motor 32m, respectively. Further, M/dt" of 62 0vm/dt2 and d0vm/dt In the formula 
( 2 ) expresses a differential operation by time t , and sign( ) expresses an operation 
determining code in parentheses. 

In specific, the steering torque Tp is detected by the torque sensor 28, 
5 and the motor current Jvm and the motor rotation angle 0vm of the motor 32m are 
detected by a current sensor 32i and a rotation angle sensor 32s which are normally 
used for controlling the drive of the motor 32m, respectively. In this case, an 
inertia term corresponding to a right side first term of the fomuila ( 2 ) mentioned 
above and a Coulomb friction term corresponding to a right side second term are 
10 appropriately set as required, by applying the motor inertia Jvm and the Coulomb 
friction resistance Rvm to the measured value or the design value of the gear 
ratio variable mechanism 32, respectively. Further, the motor torque constant 
Kvt of the motor 32m is set on the basis of the measured value or the design value 
of the motor 32m. 

15 Accordingly, it is possible to calculate the motor torque Tvm generated 

by the motor 32m in accordance with the fonttula (3) mentioned above, and calculate 
the steering wheel torque Th by the operation in accordance with the formula (2) 
mentioned above , respectively . Therefore , in the present embodiment , the steering 
wheel torque Hi is determined by executing the torque arithmetic process 30b shown 

20 in Fig. 3 by the EPSJECU 30. In this case, the steering wheel torque arithmetic 
process 30b is repeatedly executed at fixed intervals (for exanple, every 5 
millisecond) in accordance with a predetermined timer interrupt processing or 
the like. 

In other words, as shown in Fig. 3, in the steering wheel arithmetic process 

25 30b, a process of reading data of the steering torque Tp, the motor current Jvm, 
the motor rotation angle 9vm and the gear ratio Gv is first executed by a step 
S101 after a predetermined initializing process. Since the steering torque Tp 
is detected by the torque sensor 28 and input to the EPS_ECU 30, the motor current 
Jvm is detected by the current sensor 32i and input to the EPS_ECU 30, and the 

30 motor rotation angle 0vm is detected by the rotation angle sensor 32s and input 
to the EPS_ECU 30, respectively, a data reading is executed by reading the data 
in accordance with a proper interrupt processing or the like. Further, the gear 
ratio Gv of the gear ratio variable mechanism 32 is data read by being received 
from a VGRS control process 40a by a VGRSJECU 40. 

35 In the next step S103, a process of calculating the motor torque Tvm is 

executed by the motor 32m of the gear ratio variable mechanism 32 . This process 
is computed on the basis of the formula (3) mentioned above, and the motor torque 
Tvm is calculated by multiplying the preset motor torque constant Kvt and the 
motor data of the motor current Jvm read by the step S101. 

40 In the succeeding step S105, there are executed a process (d0vm/dt) of 
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differentiating the motor rotation angle 0vm by the time t, and a process (d2 
0vm/dt2) of differentiating the results thereof by the time t, that is, a process 
of oanputingd0vm/dtandd2 0vm/dt2 in the formula ( 2 ) mentioned above . In specific, 
d0vm/dt is calculated by dividing a value obtained by subtracting the previous 
5 value 0vm' from this time 0vm by a time At between the previous time and this 
time, as shown by the following formula (4) , andd2 0vm/dt2 is calculated by dividing 
a value obtained by subtracting the previous value (d(9vm/dt) * from this time 
d0vm/dt by the time At between the previous time and this time, as shown by the 
following formula ( 5 ) . 
10 d0vm/dt = (0vm - 0vm')/At —(4) 

d2 0vm/dt2 = (d0vm/dt - (d0vm/dt) ' )/ At —(5) 

In a step S107, there is executed a process of determining a code of (d 
0vm/dt) , that is, a process of carputingsign(d0vm/dt) in the formula (2) mentioned 
above, by determining whether or not the value (d#vm/dt) computed by the step 

15 S105 is equal to or more than 0 (zero). 

In other words , since all of the parameters required for determining the 
steering wheel torque Th from the formula (2) mentioned above are prepared by 
setting the motor inertia Jvm of the gear ratio variable mechanism 32 and the 
Coulomb friction resistance Rvm of the gear ratio variable mechanism 32 from the 

20 design values or the like, a process of calculating the steering wheel torque 
Th is executed by selecting the arithmetic expressions (6) and (7) corresponding 
to the code of (d0vm/dt) by the step S107, thereby changing the process to the 
succeeding steps S109 and Sill is executed. 

If it is determined that the value (d#vm/dt) is equal to or more than 

25 0 (zero) in the determining process by the step S107 (Yes in S107) , sign in the 
value (d#vm/dt) is positive ( + ) . Accordingly, the steering wheel torque Th is 
calculated in accordance with the following formula ( 6 ) adding the Coulomb friction 
resistance Rvm of the gear ratio variable mechanism 32 by a step S109. On the 
other hand, if it is not determined that the value (d#vm/dt) is equal to or more 

30 than 0 (zero) in the determining process by the step S107 (No in S107), sign in 
the value (d#vm/dt) is negative (-) . Accordingly, the steering wheel torque Th 
is calculated in the following formula (7) subtracting the Coulomb friction 
resistance Rvm of the gear ratio variable mechanism 32 by the step S109 . In this 
case, the formulae (6) and (7) are formed by modifying the formula (2) mentioned 

35 above, for calculating the steering vtfieel torque Th. 

Th = Gv x (Jvm x d2 0vm/dt2 + Rvm - Tvm) + Tp "'(6) 
Th = Gv x (Jvm x d2 0vm/dt2 - Rvm - Tvm) + Tp ••'(7) 

If the steering wheel torque Th is calculated in accordance with a step 
S109 or a step Sill , the result of calculation is transferred to the EPS control 
40 process 30a, and there is executed a process of storing the values 0vm and d 
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0 vm/dt calculated at this time as 0vm r and(d#vm/dt) ' respectively in predetermined 
memory areas of the EPSJBCU 30 for the next present steering wheel torque arithmetic 
process 30b. Accordingly, a series of present steering wheel torque arithmetic 
process 30b is finished. 

As described above, in the vehicle motion control apparatus 20 on the basis 
of the present embodiment , the steering wheel torque Th generated by the operation 
of the steering wheel 21 is determined in accordance with the steering wheel torque 
arithmetic process 30b by the EPS_ECU 30 , by using the steering torque Tp generated 
in the second steering shaft 23 corresponding to the output shaft of the gear 
ratio variable mechanism 32 , the motor torque Tvm generated by the motor 32m of 
the gear ratio variable mechanism 32 and the rotation angle 9vm of the motor 32m, 
on the basis of the dynamic equation (the formula (2) ) mentioned above expressing 
the torque transfer by the gear ratio variable mechanism 32. 

Therefore, even in the case that the vehicle motion control apparatus 20 
employs the structure that the gear ratio variable mechanism 32 is interposed 
between the steering wheel 21 and the torque sensor 28, it is possible to know 
the steering wheel torque Th generated by the steering wheel 21 before passing 
through the gear ratio variable mechanism 32 , without adding any new torque sensor 
or the like. Accordingly, it is possible to execute an actual steering control 
which coincides with the steering feeling applied by the driver, by employing 
the steering wheel torque Th for the EPS control process 30a. Therefore, it is 
possible to iinprove the motion controllability of the vehicle without increasing 
the number of the parts, and it is possible to solve the delicate uncomfortable 
feeling in the steering feeling. 
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